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 Explosive rise in Genetic Testing 

The motivation behind testing?

 What is my ancestry?

 What are my mutations? 
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BEN LYNCH ND:

 “The majority of SNPs have no effect on the body at all. None. 
They could be in regions of the gene that don’t impact the 
genetic function at all. It doesn’t affect the shape, it doesn’t 
affect the reading of the gene, doesn’t affect the switching on 
or off of the gene.” 

 “A lot of people will get their genetic report and they’re like, 
“Oh I have all these SNPs!” The question is, “Is that particular 
SNP clinically relevant?”  There is another clinically relevant 
SNP, like MTHFR…677 is very relevant.”

 Methylation is the process of 
adding a methyl group (CH3) to a molecule. 

 This process occurs in every cell and tissue in 
the body and is the second most common 
biochemical process that occurs in the body. 

 When a methyl group is added to a protein, it 
changes how that protein reacts to other 
substances
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Methylation impacts reactions in the body 
that regulate the activity of various systems:

 Cardiovascular
 Neurological
 Reproductive
 Detoxification
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1. Evaluate the Patient
2. Symptoms?
3. Micronutrient Analysis and Genetic Analysis

1) ENZYMES
2) COFACTORS: Vitamins, minerals. Key 

nutrients: Mg, B2, B6, folate, B12, niacin
3) Rx: Oral contraceptives, NSAIDs, antacids
4) TOXINS, heavy metal exposure, chronic 

infections, alcohol, stress
5) MICROBIOME
6) GENETIC POLYMORPHISMS
7) EPIGENETICS
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 Methionine, a sulfur-containing AA that 
enters the body through dietary proteins, has 
a methyl group attached to its sulfur atom.

 It becomes activated by ATP to form             
S-Adenosylmethionine or SAMe.
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 SAMe is the body’s universal methyl donor.

 SAMe readily gives away its methyl group for 
the body to perform necessary functions.

 SAMe is also a precursor to the 
transsulfuration pathway, which leads to 
glutathione synthesis. 

 However, the production of SAMe relies upon 
active folate (5-MTHF) and also B6, B2, B12.

 Oxidative stress slows the folate cycle, which 
impairs the body’s ability to produce SAMe. 

 Glutathione can help!
 Glutathione’s job is to get rid of hydrogen 

peroxide in the body. If there is too much 
H2O2, it can block key enzymes needed for 
methylation, and H2O2 can shut down the 
cardiovascular and neurotransmitter systems. 

 Glutathione carries B12 throughout the body 
and supports methionine synthase. 
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 Lungs store glutathione:
 Kids who have lung issues have a depletion of 

glutathione.

 Too much glutathione can increase sulfites.
◦ Sulfites can increase asthma.
◦ Too many sulfites deplete B1.
◦ If someone is sensitive to sulfites, Molybdenum 

helps.

 40% of our ATP is used AT REST to pump Mg and 
K into the cell

 Adenosine inhibits the methylation cycle
 As you exercise and use up more ATP, adenosine 

levels go up from the breakdown of ATP into its 
components. 

 As adenosine levels go up, SAH levels go up and 
SAMe goes down. Since SAMe is needed to break 
down histamine, histamine levels go up. This is 
exercise-induced asthma. 

 Athletes need mitochondrial and methylation 
support. 
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 MTHFR helps make SAMe;
 SAMe is a cofactor to help break down 

histamine
 Histamine needed in bell-shaped curve
◦ Too little histamine can result in not enough 

stomach acid, slow gut motility and constipation

 Diamine oxidase (DAO) is an enzyme that 
your body makes to break down histamine 
from foods.

 Without enough DAO enzyme, histamine 
intolerance can occur.

 Foods high in histamine:
Wine, beer, cheese, fermented foods, nuts, 
milk, soybeans, mushrooms, chocolate, 
shellfish, eggs, oily fish, citrus fruits
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 Histamine intolerance is different from allergies 
in that it’s not linked to a specific food and does 
not involve immune cell reactions. 

 The body also makes histamine. An imbalance 
between ingested histamine, the histamine 
released from our cells, and the ability to 
breakdown histamine leads to a buildup of 
histamine in the blood.

 Symptoms: migraines, redness and itching, nasal 
congestion, bloating, gas, stomach pain, nausea 
and vomiting, constipation, hives, dizziness

https://doi.org/10.1093/ajcn/85.5.1185
https://doi.org/10.3390/biom10081181

https://doi.org/10.1007/s10068-019-00627-3

T
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 Excess homocysteine limits the bioavailability of 
nitric oxide, increases oxidative stress, alters the 
elastic properties of the vascular wall, and 
damages the endothelium of blood cells

 Homocysteine excess → to a buildup of SAH

 SAH buildup inhibits COMT → impaired 
catecholamine and catechol estrogen metabolism

 SAH buildup inhibits DNMT → accelerated aging 
and malignancy
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 When there is a deficiency in sulfur-
containing amino acids, glutathione levels 
suffer.

 Dietary excess of sulfur AA’s are readily 
oxidized to sulfate, excreted in urine, or 
stored in the form of glutathione.

 Cysteine and methionine are not stored in the 
body.

 Taking methionine and sulfur helps to 
increase glutathione.
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 When methylation is inhibited and the body is 
not producing enough SAMe, a number of 
molecules down the cycle cannot be 
produced efficiently:

 Glutathione
 Cysteine
 Taurine
 CoQ10
 Nitric Oxide

 Melatonin
 Serotonin
 Norepinephrine
 Epinephrine
 L-Carnitine

 When SAMe gives away 
its methyl group, it is 
converted to SAH       (S-
adenosyl homocysteine), 
which then converts to 
homocysteine.

 Homocysteine can take 
two pathways, either 
converting back to 
methionine or entering 
the transsulfuration
pathway, which leads to 
glutathione production. 
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 Antioxidant and regenerator of vitamin E and 
carotenoids, as well as an intracellular enzyme.

 One of its key functions is to reduce oxidative 
stress and remove toxins.

 Lowered levels of glutathione are linked to 
◦ oxidative stress 
◦ toxin and heavy metal build-up
◦ immune dysfunction 
◦ thyroid problems 
◦ slow brain processing speed
◦ low red and white blood cell counts
◦ hair loss
◦ poor digestion and absorption

 It is estimated that 60% of homocysteine is 
metabolized in the liver by transsulfuration.

 If homocysteine does not enter the 
transsulfuration pathway, it can be converted 
back to methionine in 2 different ways with 
the addition of a methyl group. 

*This pathway 
only occurs in 
the liver.
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 SAMe is commonly used for depression.

 There is documented evidence that it helps to 
restore liver function from chronic liver 
disease. 

 Likewise, it can prevent/reverse liver toxicity 
brought on by Rx such as Tylenol or steroids. 

 https://www.sciencedirect.com/science/article/pii/S0168827812004096
 https://ajcn.nutrition.org/content/76/5/1183S.long
 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4027041/

 Studies show that SAMe improves joint health 
in osteoarthritis comparably to NSAIDs 
without the side effects. 

 https://pubmed.ncbi.nlm.nih.gov/3318441
 https://pubmed.ncbi.nlm.nih.gov/12436324
 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387830/
 https://pubmed.ncbi.nlm.nih.gov/12019049
 https://pubmed.ncbi.nlm.nih.gov/3318442

 SAMe has also shown to reduce symptoms of 
fibromyalgia. 

 https://pubmed.ncbi.nlm.nih.gov/3318438
 https://pubmed.ncbi.nlm.nih.gov/3318438
 https://pubmed.ncbi.nlm.nih.gov/17602996
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70% of SAMe from 
methylation cycle goes 
to Creatine Synthesis. 
Creatine helps to 
maintain a continuous 
supply of energy to 
muscles.

GAMT

AGAT

 If you give SAMe to a person, and they feel 
worse:
1. Most likely, their methylation was inhibited 
2. The little neurotransmitters they have were used up

 Methylation blocks:
◦ Oxidative stress
◦ Inflammation
◦ Poor gut health
◦ Toxins / metals
◦ Alcohol and sugar
◦ Adrenal stress
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 Methylenetetrahydrofolate reductase

 Enzyme responsible for synthesizing the 
circulating form of folate; metabolizes folic 
acid/folate into 5-MTHF
• 5-MTHF is needed for homocysteine regulation
• (homocysteine can be toxic)
• 5-MTHF combined with homocysteine facilitates liver 

detoxification processes

 Essential for body to function properly
 Affects more than 20 processes
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 MTHFR mutation can lead to less 
than optimal detoxification with up 
to 80% reduced capacity

Glutathione

1. 5-MTHF regulates levels of the cofactor 
biopterin, which is required for the 
synthesis of neurotransmitters.

2. 5-MTHF is used to convert homocysteine to 
methionine, thus regulating homocysteine 
levels

3. 5-MTHF is ultimately responsible for the 
regulation of gene expression, as it is used 
in the methionine cycle to produce the 
major methyl group donor, SAMe. 
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 5-MTHF affects the synthesis of 
neurotransmitters by regulating levels of the 
cofactor biopterin

 Biopterin is required for the synthesis of 
monoamines such as dopamine and 
norepinephrine
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 We may need to address these gene 
mutations first before starting an MTHFR 
protocol...

 As with any of the SNPs in the methylation 
cycle, you can’t just treat the SNP. You must 
look at the big picture and see what the other 
factors are that may have impact on the 
enzyme in question.

 Converts homocysteine into cystathionine
Transsulfuration Pathway
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 Glutathione boosting supplements such as MSM, 
TMG, NAC and silymarin can cause negative side 
effects if there is a CBS enzyme deficiency, 
because sulfur is not being broken down 
properly

 CBS deficiency is associated with low dopamine, 
low serotonin, cardiovascular risks, and multiple 
chemical sensitivities

 CBS mutation can cause difficulty in the 
breakdown of ammonia
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 Decrease sulfur foods
 Support SUOX
 Molybdenum 
 Minimize dairy
 Hydroxycobalamin
 Boron
 Vitamin E
 Monitor Sulfite/Sulfate

 This enzyme 
catalyzes the 
oxidation of 
sulfite to sulfate, 
the final reaction 
in the oxidative 
degradation of the 
sulfur amino acids 
cysteine and 
methionine.

A
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 COMT adds a methyl group from SAMe to 
catecholamines to inactivate and excrete them. 

 If catecholamines accumulate, cardiovascular 
symptoms result.

 COMT also converts estrogen to be excreted.
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 If COMT is functional and/or 
SAH/homocysteine are low, this is not a 
major issue.

 If COMT is dysfunctional and SAH is high, 
then this can be a major issue. 

ENZYME EFFECT
DNA methyl transferases Alters DNA Transcription

Synthetic Reactions Generation of Carnitine
PRMT

Protein methyl transferases
Alters Enzyme Activity

(PGC-1α → PPARα → FA Oxidation)
COMT

Catechol-O-methyl transferase
Inactivates Catecholamines

Methylates 2-OH and 4-OH Estrogens
Metabolizes Bioflavanoids

PEMT
Phosphatidylethanolamine

N-methyl transferase
Generation of Phosphatidylcholine

GAMT
Guanidinoacetate

N-methyl transferase
Generation of Creatine

GNMT
Glycine-N-methyl transferase

SAMe → 5,10-MethyleneTHF
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 Symptom
◦ Agitation
◦ Inflammation
◦ Pain
◦ Anxiety
◦ Brain fog

 Symptom/Enzyme
◦ Sulfites (SUOX)
◦ Ammonia (CBS)
◦ Glutamate (GAD)
◦ Super oxide/Peroxynitrite

(SOD/GST)
◦ Membrane Instability 

(PEMT)
◦ Histamine (DAO, HNMT)
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ENZYME COFACTOR/PROMOTER

 SUOX
 CBS
 SOD / GST
 MTR
 MTRR
 MTHFR
 COMT
 MAO-A
 GAD
 PEMT
 BHMT

 B1, Molybdenum
 B6, Cysteine
 Mn, Zn, Cu, Se
 B12, Zinc, 5-MTHF
 B2
 B2
 Mg, SAMe
 B2
 Mg, B6
 Choline
 Omega DHA, Choline
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 B2
 B3 (Niacin)
 B12
 FOLATE
 CHOLINE
 C
 Cu
 SERINE
 MAGNESIUM
 SELENIUM
 ZINC
 GLUTATHIONE
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 AKA sapropterin (INN)
 Cofactor of the enzymes: 
◦ phenylalanine 4-hydroxylase (phenylal. to tyrosine)
◦ tyrosine 3-hydroxylase (tyrosine to l-DOPA)
◦ tryptophan 5-hydroxylase (tryptophan to 5-HTP)

 Used in the biosynthesis of 
neurotransmitters: 
◦ Serotonin (5-HT), melatonin, dopamine, 

norepinephrine, epinephrine
 Cofactor for the production of nitric oxide

 CBS upregulation and/or BHMT downregulation –
Watch Sulfate status

 COMT downregulation – watch for mood swings

 These must be resolved also:
◦ Other vitamin, mineral, AA imbalances
◦ Problems with methylation
◦ Excess folic acid toxicity, heavy metal toxicity
◦ Immune system imbalances
◦ Problems with energy production
◦ Homocysteine, hormone and neurotransmitter 

imbalances
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MARKERS POTENTIAL DEFICIENCY
Homocysteine ⇧ with no other result Either B12, B9, B6, or methyl donors
MMA ⇧ with Hcy and FIGLU normal B12
Homocysteine ⇧ with normal MMA B6 or folate
Both Homocysteine ⇧ and MMA ⇧ B6 and possible methyl donors
Homocysteine ⇧, Normal MMA/FIGLU B6 and possible methyl donors
HCY, MMA, and FIGLU all ⇧ B6, B12, B9, and methyl donors

 If MTHFR SNP, need 5-MTHF
 If MTRR SNP, need methylcobalamin
 B6 as pyridoxal-5 phosphate (P-5-P) – more effective form
 B2 (riboflavin) needed if MTHFR 677 SNP

 Several natural compounds can also act as 
adaptogens in DNA methylation by both 
maintaining proper methylation status and 
regulating improper methylation activity. 
Furthermore, methylation adaptogens can help 
prevent abnormal DNA methylation which can 
cause a variety of health issues. 

 Several methylation adaptogens include; curcumin, 
betanin, anthocyanins, quercetin, rosmarinic acid, 
lycopene, and sulforaphane.
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 Low serum folate
 Low serum B12
 High serum MMA (methylmalonic acid)
 High serum homocysteine
 Low RBC folate
 High urine MMA
 High urine FIGLU (formimino-glutamate)

 B12 is synthesized only by microorganisms; it 
is not present in plants. 

 Animals obtain B12 from their natural 
bacterial flora or by eating foods derived 
from animals: milk, eggs, liver, fish, meat. 

 B12 deficiency is rarely a result of an absence 
from the diet (except for vegans/vegetarians.)

 It is much more common to see a deficiency 
resulting from a failure to absorb B12.                                                                                      
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 The molecular state of B12 introduced to the 
body impacts the efficiency by which it is 
absorbed. 

 B12 bound to protein in foods must undergo 
a separation reaction before it can be 
absorbed in the small intestine.

 Supplemental or free forms of B12 do not 
undergo this separation reaction. 
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 If vitamin B12 is ingested in its free (or nonprotein
bound form), it will bind to a carrier protein known as 
R-binders or transcobalamin I that is secreted by both 
the salivary glands in the oropharynx and the gastric 
mucosal cells within the stomach.

 If the vitamin B12 is ingested in its protein bound form, 
it must first undergo a proteolytic cleavage in the 
stomach or duodenum where it will bind to an R-binder 
and enter into the duodenum for further cleavage.

 Upon entry into the second segment of the duodenum, 
the pancreas will secrete additional protease which will 
then degrade the R-binders holding onto the vitamin 
B12. It is at this point that vitamin B12 will bind to or 
complex with intrinsic factor for the remainder of its 
journey to the ileum of the small intestine for 
absorption.

 Intrinsic factor (IF) is a special transport molecule 
produced by the parietal cells in the stomach.

 There is a limited number of IF receptors, which 
limits the amount of B12 intake via active intake: 
1.5-2μg maximum. This process also requires 
calcium.

 B12 can also be absorbed passively when taken 
in high doses – between 200-1000μg. Only 
about 1% is absorbed!

 Unlike other water-soluble nutrients, B12 can be 
stored in the body for years. 
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 following a vegetarian or vegan diet
 being over 50 years old
 gastrointestinal disorders, including Crohn’s 

disease and celiac disease
 surgery on the digestive tract, such as weight 

loss surgery or bowel resection
 metformin and acid-reducing medications
 specific genetic mutations, such as MTHFR, 

MTRR, and CBS
 regular consumption of alcoholic beverages

 Vitamin B12
 There are several markers of B12 status. A serum B12 can 

provide a rough estimate of B12 status, but there are many other 
indicators of B12 status:

 Vitamin B12 (serum)*
 Conventional range: 200-800
 Optimal range: 500-1000
 *It is well-established in the literature that people with B12 levels 

between 200-350 have distinct B12 deficiency symptoms:
 Alzheimer’s, dementia or memory loss
 Depression, anxiety, bipolar, psychosis
 ADD/ADHD
 Fatigue
 Numbness or tingling
 Nerve pain
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 Methylmalonic acid (MMA)– this is a very sensitive 
test and will reveal a true B12 deficiency if high. 
If your serum B12 was “normal” but you still have 
signs of B-12 deficiency, ask your doctor to 
order the MMA test

 MCV is a measure of the average volume of your 
red blood cells. When MCV is high, this is 
indicative of B12 or folate deficiency. When MCV 
is low, this is indicative of Iron deficiency. This is 
part of a routine CBC test.

 Conventional range: 80-100
 Optimal range: 83-90
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 Too much is not a good thing!
 Sometimes people feel good for a short time 

after supplementing, then start feeling worse.
 Several folate-requiring enzymes are INHIBITED 

by excess substrate; https://doi.org/10.1074/jbc.M410818200

◦ Modest increases will activate the enzymes;
◦ Large concentrations can inhibit them.

 Folate deficiency as well as over-
supplementation can damage DNA. 
https://doi.org/10.1002/mnfr.201500819

 Increased folate can mask B12 
deficiency. https://doi.org/10.3390/nu8020068

 Excess folate can cause nerve damage with B12 
deficiency. https://doi.org/10.3945/ajcn.116.139030
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 Folic acid is used to “fortify” many foods to 
prevent neural tube defects and to lower plasma 
homocysteine. 

 FA is also found in many supplements.
 Large populations in the US have an 

unprecedented high FA intake.

 Unmetabolized folic acid in plasma was 
associated with reduced natural killer cell 
cytotoxicity in postmenopausal women.

 Plausible link between too much folic acid and 
nervous tissue damage associated with autism. 

https://doi.org/10.1093/jn/136.1.189

https://doi.org/10.1016/j.mehy.2011.03.013

1. Folic acid is a synthetic compound that has NO 
physiological function until converted to dihydrofolate
by dihydrofolate reductase (DHFR)

2. The DHFR enzyme breaks down folic acid much slower 
than naturally occurring folates which causes a build up 
of folic acid.

3. Folic acid has a stronger attraction to the folate 
receptors, blocking them from pulling natural folates 
into the cell for metabolic processes (our natural folates 
like leafy greens are essential for our folate levels)

4. In order for folic acid to be utilized, additional vitamin C, 
niacin and vitamin B12 are needed.
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1. Folinic Acid is the active metabolite of folic acid

2. Folinic acid has direct physiological functions 
that help create the building blocks of DNA

3. Folinic acid bypasses the DHFR enzyme in the 
folate cycle, making it an ideal supplementation 
strategy if you have a DHFR mutation that 
reduces your ability to metabolize folates and 
folic acid

 B vitamins are water soluble, so most are safe 
even at very high doses, as any excess is 
excreted in urine.

 B Vitamins with upper limits:
◦ Folate/Folic acid - 1mg
◦ Niacin
◦ Vitamin B6

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772032/
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 A baby’s neural tube develops within the first 
28 days of pregnancy. Folate is crucial to 
prevent neural tube defects.

 Folate also prevents certain heart 
abnormalities, cleft lip, cleft palate.

 Folate lowers the risk of developing anemia, 
miscarriage, preterm delivery and low birth 
weight. 

https://doi.org/10.1093/advances/nmaa017

 FDA laws require folate labeled as μg DFE

 DFE = Dietary Folate Equivalents

 1 μg DFE = 0.6 μg folic acid 
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 Choline is the primary methyl donor backup 
to methylfolate.

 Pregnant women are 70% deficient in choline. 
 Choline feeds into the transmethylation cycle 

that directly takes homocysteine back to 
methionine. 

 85% of methylation reactions occur in the 
liver, and the liver needs choline. 

 SAMe and choline during pregnancy can 
reverse liver issues. 
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https://pubmed.ncbi.nlm.nih.gov/22949852/
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 SIBO = Elevated folate levels

 Bacteria in small intestine can impair 
methylation cycle by releasing too much 
folate

 Gut methylation SNPs of concern:
◦ COMT -61 P199P, COMT V158M, MAOA A R297R

https://pubmed.ncbi.nlm.nih.gov/23853579/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3099351/

 The liver is exposed to the metabolic 
products generated by the gut microbiome:
◦ Acetaldehyde, Ammonia, phenols

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3418802/
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 Gut polyphenols interact with COMT and can 
inhibit COMT enzyme. 

 We excrete 50-100mg of volatile phenols 
daily in the form of 4-cresol, phenol and 4-
ethylphenol

 Cresols are attributed to Clostridium, 
Bifidobacterium and Bacteroides fragilis.

 E. coli is associated with phenol production.
https://pubmed.ncbi.nlm.nih.gov/22674330/

https://pubmed.ncbi.nlm.nih.gov/5432229/

 Many Bifidobacteria are folate producers,
 While Lactobacilli are folate consumers.
 Gut dysbiosis can lead to hypo- or 

hypermethylation. 

https://journals.asm.org/doi/full/10.1128/AEM.01763-06
https://doi.org/10.1016/S0168-1605(02)00170-8
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 Studies have shown that metabolites produced by 
beneficial bacteria serve as critical cofactors and 
regulators of epigenetic processes.

 One study “revealed a clear association between 
bacterial predominance and epigenetic profiles. 
The genes with differentially methylated 
promoters in the group in which Firmicutes was 
dominant were linked to risk of disease, 
predominantly to cardiovascular disease and 
specifically to lipid metabolism, obesity, and the 
inflammatory response.”

https://journals.asm.org/doi/full/10.1128/mBio.02113-14
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BEN LYNCH ND:

 “The majority of SNPs have no effect on the body at all. None. 
They could be in regions of the gene that don’t impact the 
genetic function at all. It doesn’t affect the shape, it doesn’t 
affect the reading of the gene, doesn’t affect the switching on 
or off of the gene.” 

 “A lot of people will get their genetic report and they’re like, 
“Oh I have all these SNPs!” The question is, “Is that particular 
SNP clinically relevant?”  There is another clinically relevant 
SNP, like MTHFR…677 is very relevant.”

 SNP = “Single Nucleotide Polymorphism”
 They are the most common type of genetic 

variation among people. 

 A SNP represents a difference in a single 
nucleotide, which is a DNA building block. 

 Example: a SNP may replace the nucleotide 
cytosine (C) with the nucleotide thymine (T)
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 Genes do not tell us about the functional 
methylation capacity. 

 A SNP may predispose someone to impaired 
methylation, but that does not mean they 
have impaired methylation. 

 On the other hand, a person with no SNP may 
still need methylation support. 

70%

8%22%
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 Methylation is a dominant factor in epigenetic 
processes that regulate neurotransmitter activity 
at serotonin and dopamine receptors.

 The methyl/folate ratio has a powerful impact on 
gene expression of reuptake transport proteins.
◦ More than 60% of anxiety, depression, and psychosis 

patients exhibit a serious methylation imbalance. 
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UNDERmethylation OVERmethylation

Normal Methylation = 70%
UNDER Methylation = 22%

OVER Methylation = 8%
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CLINICAL
 HIGH histamine
 Whole Blood histamine 

>70
 LOW serotonin
 LOW dopamine
 LOW SAMe/SAH ratios
 Diagnosis of Autism, 

OCD, Antisocial 
Personality Disorder, 
Oppositional Defiant 
Disorder, 
Schizoaffective 
Disorder

SYMPTOMS / TRAITS
 Perfectionist
 Stubborn/Strong-willed
 Competitive
 OCD tendencies 

/Controlling behavior
 Calm demeanor but high 

inner tension
 Frequent headaches
 History of high 

accomplishment
 High fluidity 

(tears,saliva,etc)
 75% have seasonal 

allergies
 High libido
 Good response to SSRIs

1. Mutations (SNPs) in the Methylation Cycle...
oMTHFR, MS, BHMT, MAT, SAHH, etc.

2. Histamine overload  
o Inverse relationship with methyl
oHNMT enzyme breaks down histamine, and   

SAMe is a cofactor 

3. Protein deficiency or Malabsorption
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 Tend to produce LOWER levels of the 
neurotransmitters serotonin, melatonin, 
dopamine, norepinephrine

 Associated with low energy, internal anxiety, 
depression and anxiety, but not always

 Tend to develop excess folate levels (need to 
monitor folic acid)

 When given supplements with methyl donors, 
they become more mentally alert

UNDERmethylation OVERmethylation

Normal Methylation = 70%
UNDER Methylation = 22%

OVER Methylation = 8%
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 CLINICAL
 LOW histamine
 Whole blood 

histamine <40
 HIGH 

norepinephrine
 HIGH serotonin
 HIGH dopamine
 Elevated 

SAMe/SAH ratios

 SYMPTOMS
 High anxiety / panic tendency
 Hyperactivity / nervous legs / 

pacing
 High pain threshold
 Low motivation
 Non-competitive
 Absence of seasonal allergies
 Food / chemical sensitivities
 Low libido
 Adverse reaction to SSRI’s, 

antidepressants, SAMe, 
Methionine, anti-histamines
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1. Impaired Creatine Synthesis
oAGAT or GAMT SNPs
oArginine or Glycine Deficiency

2. Impaired Cystathionine Synthesis (CBS 
SNP)

3. Methyltransferase SNPs

 Tend to have ELEVATED serotonin, 
dopamine, norepinephrine

 Associated with hyperactivity, outwardly 
expressed anxiety, but not always

 Become hyper when given methyl donors
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1. SAMe / SAH Ratio (limited availability)
2. Whole blood histamine (methylation marker)

*Genetic tests such as MTHFR cannot 
determine the NET EFFECT of SNPs that affect 
methylation

 These are the 2 most well-studied and tested 
MTHFR mutations that affect the enzyme’s 
function. 

 (It is suspected that there are at least 30 different 
types of MTHFR mutations.)

 “Normal” genes: C677C, A1298A

 C677T mutation = change from cytosine (C) to 
thymine (T) at position 677 within the gene

 A1298C mutation = change from adenine (A) to 
C at position 1298 within the gene
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C677T mutation A1298C mutation

1. Folate metabolism –
inability to convert 
folate to methylfolate

2. Homocysteine elevated 
(cardiovascular issues)

3. Impaired methylation
4. Nutritional imbalances: 

problems utilizing 
nutrients (AA, EFAs, 
vitamins, minerals)

5. Reduced Detoxification

1. Neurotransmitter 
problems: mental 
health and behavioral 
issues

2. Nutritional imbalances: 
problems utilizing 
neurotransmitter 
producing amino acids 
and nutrients

3. Mild impairment of 
methylfolate production

 C677T is found to be more problematic than 
A1298C

https://pubmed.ncbi.nlm.nih.gov/9545395/
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C677T A1298C

5,10-Methylene-THF

5-Methyl-THF 

5-Methyl-THF + BH2

5,10-Methylene-THF+BH4

 “Normal” = “wild type” = “Homozygous wild”
 Homozygous = same
 Heterozygous = different

*Ex. One bad and one good copy at each base point.
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An MTHFR enzyme with reduced function can lead to increased 
homocysteine levels, which is a known independent risk factor for 
developing cardiovascular disease and venous thrombosis. 

Reduced MTHFR function can also affect folate status. 
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 Autism is a potentially preventable disorder!

1. 98% are found to be UNDERmethylating
2. 40% have impaired MTHFR functioning
3. Decreased glutathione levels
4. Research has shown children with autism 

have elevated antibodies to gluten proteins 
in wheat
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 C677T mutations benefit from 5-MTHF 
supplementation

 NAC is the n-acetyl derivative of L-cysteine 
and plays a major role in hepatic gluthathione
production. NAC downregulates glutamate 
activity. Studies show significant effects in 
the treatment of OCD and Autism. 

(Psychopharmacology 2006. Jan 254-6); Reduction of self 
injurious behavior (J Clinical Psychiatry Nov 05,1494-97)
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 Histamine (DAO, NAT, HNMT)
◦ Genes that influence metabolism of histamine
◦ These SNPs give a tendency to allergic reactions or 

hives
◦ Folate may exacerbate the reaction

 Sulfur (SULT, SUOX, GSH)
◦ Genes that influence glutathione production and 

how the body processes sulfur
◦ Buildup of sulfur can cause headaches and flushes
◦ Folate will create more sulfur

 Nitric Oxide (NO)
◦ NO gene impairs the body’s ability to process nitric 

oxide
◦ Folate can result in too much uncoupled nitric oxide 

being created
◦ B12 may help this issue
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 There are 2 epigenetic processes:
1. DNA Methylation
2. Histone Modification

 DNA Methylation to enhance or inhibit gene 
expression happens in the womb before 
birth.

 Environmental factors at any age can alter 
this expression.

1.

2.
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DNA Methylation

 These methyl groups 
usually remain 
throughout a lifetime.

 In-utero, environmental 
factors can impair 
proper methylation to 
create serious disorders 
or birth defects.

 Throughout a lifetime 
environmental factors 
may alter gene 
expression to produce 
an epigenetic disorder.

 Histones are support structures for fragile DNA

 They are composed of 8 linear proteins twisted 
together

 Histones inhibit or promote gene expression 
depending on chemical reactions at histone tails
◦ Histone acetylation promotes gene expression
◦ Histone methylation inhibits gene expression

 Nutrient therapies can modify histones by 
changing methyl/acetyl ratios
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 DNA is a weak acid; Histones are strong bases.

 Acetylation decreases histone pH, which causes 
DNA to uncoil.

 Methylation increases histone pH, which 
increases DNA/histone coiling.
◦ LOW methylation results in a preference for 

acetylation and therefore gene expression. 
◦ HIGH methylation inhibits gene expression.
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 Brain concentrations of serotonin and 
dopamine are less important than reuptake 
transport proteins.

 Reuptake transport proteins are the primary 
determinant of neurotransmitter activity at 
serotonin and dopamine receptors.
◦ They remove neurotransmitters from the synapse.
◦ They are formed by gene expression.
◦ The total amount depends on acetyl/methyl 

competition at specific DNA regions. 

 Enzymes (acetylases, deacetylases, 
methylases, demethylases) are the dominant 
factor for attachment/removal of 
acetyl/methyl groups; not the concentration 
of acetyl/methyl groups.

 Epigenetic nutrient therapy to adjust 
serotonin or dopamine activity focuses on 
enzymes. 
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 Vitamins are converted to coenzymes, which together 
with enzymes, perform essential metabolic functions. 

 About 50 diseases result from genetic mutations that 
reduce the ability of an enzyme to bind to its 
coenzyme. 

 Ames found high-dose vitamin therapies overcome 
the mutations to normal reaction rate.

 Enzymes work better if they are flooded with 
cofactors.

 22 diseases caused by defective binding to a B 
vitamin cofactor 

 Of 3,870 known enzymes, 22% use cofactors
◦ 112 of those utilize Vitamin B6

https://doi.org/10.1093/ajcn/75.4.616
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